Purpose : To assess the usefulness of gadobenate dimeglumine-enhanced hepatobiliary phase MR imaging for evaluation of histological characteristics of hepatocellular carcinoma (HCC). Materials and Methods : 57 HCCs histopathologically proved by surgery in 51 patients were retrospectively evaluated. All patients underwent gadobenate dimeglumineenhanced MR imaging prior to surgery. The signal-to-noise ratio (SNR) of lesion and liver, and the liver-to-lesion contrast-to-noise ratio (CNR) for both pre-and postcontrast hepatobiliary phase were measured and contrast enhancement ratio (CER) of lesion and liver were calculated to correlate with three groups stratified by histological grades (Edmondson-Steiner classification) of the lesions. The differences between means of each group were statistically analyzed with one-way analysis of variance test. Results : The liver-to-lesion CNRs of well-differentiated HCCs (n=9) on pre-(-0.8± 13.2) and postcontrast hepatobiliary phase images (13.2±30.4) were significantly lower (p<0.05) compared to those of moderately (14.2±9.4 and 39.1±15.4 on preand postcontrast, respectively) (n=37) and poorly differentiated HCCs (18.6±11.3 and 39.3±27.9) (n=11), respectively. There were no significant difference for CERs between three histological tumor grades. Conclusion : Gadobenate dimeglumine-enhanced hepatobiliary phase MR imaging can help predict the histological grades of hepatocellular carcinomas preoperatively, especially differentiating well-from moderately and poorly differentiated HCCs.
Introduction
Characterization for focal liver tumors on MRI using various contrast agents has become more and more important at the present time as well as lesion detection, since accurate diagnosis and early and appropriate treatment could provide a better prognosis and also increase curability (1) (2) (3) (4) (5) . In this regard, gadobenate dimeglumine (Gd-BOPTA; MultiHance, Bracco SpA, Milan, Italy) might be one of the most useful contrast agents because Gd-BOPTA is a gadolinium-based paramagnetic contrast agent which has combined properties of a conventional extracellular fluid (ECF) contrast agent with those of a liver-specific contrast agent and can provide combination of dynamic and liver-specific imaging (6, 7) . As for the dynamic imaging, prior studies for the clinical value of gadolinium chelates demonstrated dynamic imaging showed good performance for characterization of focal liver lesions and for detection of hypervascular hepatic tumors (8, 9) . 3~5% of the injected dose of Gd-BOPTA is taken up by the functioning hepatocytes and excreted in bile (6, 10) . Gd-BOPTA has twofold higher T1-relaxivity than conventional gadolinium chelates and shows marked and prolonged enhancement of the liver parenchyma up to 2 hour on T1-weighted images (11, 12) , so that delayed phased imaging of Gd-BOPTA can be obtained 1~2 hours after venous administration of the contrast agent. These characteristics provide radiological usefulness to differentiate hepatocyteorigin tumors from non-hepatocyte-origin tumors (13, 14) as well as increased detectability for focal liver lesions in a background of strongly enhancing liver parenchyma (7, (10) (11) (12) (15) (16) (17) .
There have been several previous studies which have revealed that Gd-BOPTA-enhanced MR imaging has superior diagnostic value in an attempt to detect and characterize hepatocellular carcinoma (HCC) and delayed phase imaging of Gd-BOPTA provide additional information for the characterization of HCC (13, 14, (16) (17) (18) (19) (20) . On delayed phase imaging, HCC, one of the most common hepatocyte-origin malignant tumor, shows wide variation in liver-to-lesion contrastto-noise ratio (CNR) on previous investigations by Manfredi et al (13) , Grazioli et al. (14) , and Kim et al. (18) . It is thought that multiple intrinsic and extrinsic factors might affect this variation. However, until now, there has been insufficient study data about efficacy of the delayed phase imaging using Gd-BOPTA in patients who have HCC with histopathological correlation. The purposes of this study were to evaluate histological characteristics of HCC and identify the factors which might affect the liver-to-lesion CNR using Gd-BOPTAenhanced hepatobiliary phase MR imaging.
Materials and Methods

Patient population
51 patients who underwent hepatic resection and Gd-BOPTA-enhanced MR imaging 1 month prior to surgical resection of the tumor between August 2005 and June 2007 were included in this study. 43 patients were male and 8 female, with a mean age of 56 years (range 25-70 years). A total of 57 HCC nodules were confirmed by surgical resection and histopathology and retrospectively evaluated. Excluded from the study were patients who had a history of prior transcatheter arterial chemoembolization (TACE) or radiofrequency ablation (RFA). Histological analysis was performed on the lesion and liver. Edmonson-Steiner classification was used for evaluating histological grades of the HCCs. Other pathological findings of the HCCs were analyzed with histological types (trabecular, pseudoglandular, compact, scirrhous), cell types (hepatic, clear, giant, spindle), bile formation, and fat and iron deposition of the HCCs. The degree of liver function was based on the Child-Pugh classification, with all patients classified as having Child-Pugh class A cirrhosis. Total bilirubin levels were within the normal range (0.2-1.2 mg/dL) in 50 patients. The bilirubin level was slightly elevated in one patient (1.6 mg/dL).
MRI examination
All MR imaging was performed using a 1.5-T imaging system (Achieva 1.5T Nova Dual, Philips Medical Systems, Best, Netherlands) with four-channel phasedarray body coils (Synergy; Philips Medical Systems, Best, Netherlands). The liver was imaged in the axial planes both before and after administration of Gd-BOPTA. The MRI protocol consisted of a breath-hold transverse T1-weighted in-and out-of-phase twodimensional gradient-echo (2D-GRE) sequence (TR/in phase TE, 150/2.4 msec; TR/out-of-phase TE, 150/1.2; matrix, 256×256; section thickness, 6 mm; slice spacing, 1.2 mm), a single-slice T2-weighted fast spinecho (TR/TE, 466/148 msec; matrix, 288×230, section thickness, 4 mm; slice spacing, 1 mm) with spectral fat suppression technique, and breath-hold T1-weighted three-dimensional gradient-echo (3D-GRE) sequences for precontrast, postcontrast dynamic, and postcontrast hepatobiliary phase (TR/TE, 4.7/2.3 msec; matrix, 320 ×224; slice thickness, 3 mm; no gap). Contrastenhancing MRI was performed after the intravenous administration of a total dose of 0.1 mmol/kg body weight Gd-BOPTA. To determine the optimal timing for the hepatic arterial phase fluoroscopic bolus detection technique was used in all patients. Portal venous, hepatic venous, and equilibrium phase images were obtained approximately 20-30 seconds after the acquisition of the prior phase images. Hepatobiliary phase images were obtained between 120 and 180 minutes after the intravenous administration of Gd-BOPTA.
Image analysis
Quantitative analysis was performed on T1-weighted 3D-GRE images obtained before and after the administration of Gd-BOPTA. We measured the liver signal intensity, tumor signal intensity, and the standard deviation of the background noise using operator-defined regions of interest (ROIs) for each image. The ROI of the lesion was positioned to avoid the necrotic foci and blood vessels and background noise was measured just ventral to the right anterior abdominal wall where the respiratory or motion-related artifact was absent. Based on the values recorded, the signal-to-noise ratio (SNR) of lesion and liver, the liverto-lesion contrast-to-noise ratio (CNR) for both pre-and postcontrast heptaobiliary phases, and contrast enhancement ratio (CER) of lesion and liver were calculated to correlate with histological characteristics of lesion and liver according to the following equations: Where SI lesion is the signal intensity of the lesion; SI liver is the signal intensity of the liver parenchyma; and SD noise is the standard deviation of the background noise. The size of lesion was also evaluated.
Statistical analysis
The differences between means of each group were statistically analyzed with one-way analysis of variance (ANOVA) test and Student's t test. The level for significance was p<0.05. The statistical analyses were performed using SPSS computer software (SPSS, version 12.0, SPSS, Chicago).
Results
All HCCs were stratified with three groups according to Edmonson-Steiner classification and there were 9 well-, 37 moderately, and 11 poorly differentiated HCCs. The size of the tumors ranged from 1.0 to 9.5 cm with a mean size of 3.5 cm (well-differentiated HCCs, 2.3±1.7; moderately differentiated HCCs, 3.6± 2.6; poorly differentiated HCCs, 4.4±2.7). The SNR of lesion and liver, the liver-to-lesion CNR for both preand postcontrast hepatobiliary phase, the CER of lesion and liver of three groups are shown in Table 1 (Fig. 1a) . We also found significant difference (p<0.05) in the mean value of the liver-tolesion CNR of well-differentiated HCCs (13.2±30.4) compared to those of moderately (39.1±15.4) and poorly differenti-ated HCCs (38.3±27.9) on postcontrast hepatobiliary phase (Fig. 1b) . The mean value of the SNR of well-differentiated HCCs (88.1±33.8) was significantly higher (p<0.05) than those of moderately (62.1±26.7) and poorly differentiated HCCs (48.8±16.9) on postcontrast hepatobiliary phase.
The mean value of CER of lesion also tended to be higher in patients with well-differentiated HCCs, but its statistical differences with moderately and poorly differentiated HCCs were not significant (p= 0.18 and 0.43, respectively).
For histological types of HCCs, only compact type tumor showed significantly higher liver-to-lesion CNR (49.3±18.0, p<0.05) on postcontrast hepatobiliary phase images compared to those of non-compact type (31.4±20.3) ( Table 2 ). Other various histopathological characteristics with cell types, bile formation, and fat deposition of HCCs showed no significant difference for liver-to-lesion CNR on both pre-and post-contrast 3D-GRE images and CER of lesion (Tables 3, 4 ). But we
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-211 - Fig. 1 . The liver-to-lesion contrast-to-noise ratio (CNR) of well-(grade 1), moderately (grade 2), and poorly differentiated (grade 3) hepatocellular carcinomas on precontrast (a) and postcontrast hepatobiliary T1-weighted three dimensionalgradient echo images (b).
observed intralesional bile which might express residual hepatocytic activity of the lesion was present in 2/9 (22.2%) well-differentiated HCCs and 3/37 (8.1%) moderately differentiated HCCs, while poorly differentiated HCCs did not represent intralesional bile at all. Only one lesion had iron deposition (precontrast CNR -6.5, postcontrast CNR 25.7, CER 0.6), thus statistical analysis could not be accomplished.
Discussion
Our study demonstrated that the liver-to-lesion CNR of well-differentiated HCCs on pre-and postcontrast hepatobiliary T1-weighted 3D-GRE images were Sung Ho Park et al -212 - significantly lower compared to those of moderately and poorly differentiated HCCs, respectively (Table 1 & Fig. 1 ). Low CNR means that the difference of SNRs between lesion and liver is not significant and the conspicuity of the lesion is poor in terms of lesion detection. Therefore results in our study suggest that the conspicuity of the lesion on both pre-and postcontrast hepatobiliary images in patients with welldifferentiated HCCs is worse than moderately and poorly differentiated HCCs (Figs. 2-5 ).
There are many elements which affects the lesion conspicuity of HCCs on precontrast or postcontrast MR imaging of liver: the functionality of the normal hepatic parenchyma; composition and degree of vascularization
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-213 - of the lesion; the residual hepatic functionality of the neoplastic cells themselves; and so on (14, (20) (21) (22) . Unfortunately, such factors tend to vary from patient to patient, often making the behavior of a given lesion difficult to predict. The results of previous studies aimed at correlating the appearance of HCC on MR imaging with the pathological characteristics of the lesion reflect the difficulty in drawing firm conclusions on the behavior of such lesions (1, 5, (23) (24) (25) .
In our study, the mean CNR of well-differentiated HCCs would be partly related with the slightly higher mean SNR of lesion than that of liver for precontrast images (Fig. 2a) . Our results of precontrast images are comparable with those reported by Yamashita et al. (24) and Kadoya et al. (23) for correlation of MR imaging and histopathological findings of HCCs. They demonstrated well-differentiated HCCs have a tendency to be hyperintense on precontrast T1-weighted images, while moderately or poorly differentiated HCCs to be hypointense. Hyperintensity on precontrast T1-weighted images could be significantly related with composition of the tumor cells such as fat or paramagnetic ions deposition, hemorrhagic portion, and so on. However, we could not conclude these results were the specific characteristics of well-differentiated HCCs for precontrast images because there were no statistical significance of the SNR of lesion for precontrast images between tumor grades in our study (Table 1) as Kadoya et al. (23) also speculated in which hyperintensity on precontrast T1-weighted images is a feature of hyperplastic changes of the hepatocytes.
There has been prior reports investigating the role of the hepatobiliary contrast agents on the lesion detection and characterization in relation with the histopathological findings of HCCs, especially the histological grades (Edmondson-Steiner classification) (6, 13, 14, 20) . Some of these reports (13, 14, 20) demonstrated the poorly differentiated HCC nodules appeared more hypointense to the surrounding enhanced liver parenchyma, whereas the welldifferentiated ones tended to show similar or greater enhancement on postcontrast hepatobiliary phase. Manfredi et al. (13) reported that well-differentiated HCC might show more enhancement (superior contrast enhancement ratios) than poorly differentiated HCC and similarly Murakami et al. (6) also reported. Our results on postcontrast hepatobiliary phase are in good agreement with those of former reports. The mean SNR of lesion of well-differentiated HCCs was significantly higher than those of moderately and poorly differentiated HCCs on postcontrast hepatobiliary images in the present study (Table 1) . These results affected the mean CNR of well- differentiated HCCs which was significantly lower than those of moderately and poorly differentiated HCCs (Fig. 1b) . The CER of lesion also tended to be higher on the well-differentiated HCCs, although its differences with those of moderately and poorly differentiated HCCs were not statistically significant. In only three cases, the CNRs on postcontrast hepatobiliary images were negative (maximum -45.2, minimum -4.1, and mean -17.9) and all three cases were included only in the group of the patients with well-differentiated HCCs (Fig. 2b) . This is one of the reasons that could explain the lower mean CNR of well-differentiated HCCs, however not the only one. The mean value of the remaining positive CNRs on well-differentiated HCCs (maximum 60.9, minimum 8.8, and mean 28.7) is also lower than those of moderately and poorly differentiated HCCs. These findings obtained with Gd-BOPTA for well-differentiated HCCs in the present study could be affected by several factors reported in prior studies (4, 13, 14, 26, 27) . They suggested that the residual hepatocytic activity of hepatocellular lesion allows the lesion to take up Gd-BOPTA and consequently to increase its signal intensity, therefore reducing the CNR. Intralesional bile could be one of the indicators expressing retention of sufficient hepatocytic functionality of the lesion. Grazioli et al. (14) reported that a significant positive correlation between the presence of intralesional bile and the degree of enhancement of the lesions after Gd-BOPTA administration in their study. Although no significant difference was observed between CER and bile formation in our study (Table 4) , some well-and moderately differentiated HCCs represented intralesional bile (22.2%, 8.1%), while poorly differentiated HCCs did not at all. Moreover, low postcontrast CNR could be affected by other factors such as the presence of fat or paramagnetic ions (iron, copper) (21, 22) , but the effect of fat deposition on the liver-to-lesion CNR for postcontrast hepatobiliary phase in our study was not statistically significant. Statistical analysis for iron deposition could not be accomplished because of small sample size (only one lesion having iron).
The tendency for moderately differentiated HCCs to show greater enhancement than well-differentiated HCCs on postcontrast hepatobiliary images of Gd-BOPTA was explained as a result of the larger size of moderately differentiated HCCs than that of welldifferentiated HCCs (6.3±3.4 cm vs. 3.8±1.8 cm) in the report by Grazioli et al. (14) , but we observed the tendency for greater enhancement of welldifferentiated HCCs compared with moderately differentiated HCCs nevertheless moderately differentiated HCCs showed larger size than that of well-differentiated HCCs (3.6±2.6 cm vs. 2.3±1.7 cm) similar to their report. Among the prior mentioned residual hepatocytic activity of hepatocellular lesion and histopathological characteristics such as intralesional bile, fat or paramagnetic ions deposition, the size of the lesion, and intralesional fibrous stroma (14, 18, 20) , our study results favor the residual hepatocytic activity of the lesion representing as intralesional bile might be the most important factor to explain Gd-BOPTA uptake of the lesion on postcontrast hepatobiliary images than any other factors.
As a liver-specific MR imaging contrast agent recently introduced for clinical imaging, gadoxetate disodium (gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; Gd-EOB-DTPA) is highly liver specific in the hepatobiliary phase, appropriately 20 minutes after injection, with an uptake of about 50% by the organic anion-transporting polypeptide 1 (28) (29) (30) . There are also previous preclinical and clinical studies that found a tendency toward greater enhancement in welldifferentiated HCCs over moderately and poorly differentiated HCCs in hepatobiliary phase using Gd-EOB-DTPA (27, (31) (32) (33) , as our study did. Although subtle differences exist between the results of these studies, we could conclude that some welldifferentiated HCCs and a few moderately differentiated HCCs might show mild to moderate accumulation of Gd-EOB-DTPA in hepatobiliary phase. Narita et al. (34) observed a strong correlation between enhancement ratios and expression levels of organic anion-transporting polypeptide 1B3 protein of HCCs so they reported uptake of Gd-EOB-BOPTA in HCCs is determined by the expression of this transporter rather than tumor differentiation. Kitao et al. (35) and Tsuboyama et al. (36) also explained tumor enhancement by expression patterns of sinusoidal and canalicular transporters. Compared with the results of our study and others, further evaluation is needed to determine the relationship, if any, between tumor grade and expression of transporters.
Our study had several limitations. First of all, we could not consider the relationship with the degree of liver failure because all patients in our study were classified as having Child-Pugh class A cirrhosis and most patients had normal ranges of bilirubin levels. Limited patient population of our study results from clinical situation that Child-Pugh class B or C cirrhosis are not usually surgical candidates. Grazioli et al. (14) demonstrated that there was a positive correlation between the degree of liver failure and the worsening of liver-to-lesion CNR on postcontrast hepatobiliary phase. The results of prior study by Kim et al. (37) substantiate these findings. In our study, the SNR of liver on both precontrast and postcontrast hepatobiliary phase and the CER of liver showed no statistical significance between histological tumor grades and this observed enhancement characteristics of liver parenchyma might be different in Child-Pugh class B and C cirrhosis. Secondly, we did not compare the performance of Gd-BOPTA postcontrast hepatobiliary images with dynamic images of nonspecific extracellular contrast agents. We believe that further study with comparison between Gd-BOPTA-enhanced MR imaging and extracellular gadolinium chelatesenhanced MR imaging will be necessary. Lastly, there might have been a potential selection bias in our patient population due to the retrospective nature of this study.
In conclusion, gadobenate dimeglumine-enhanced hepatobiliary phase MR imaging can help predict the histological grades of HCCs, especially differentiating well-differentiated HCCs from moderately and poorly differentiated HCCs, thus may have clinical efficacy for the planning of surgical treatment and the assessment of the patient' s prognosis as estimating the histological grades of HCCs preoperatively. 
